Abstract
Introduction
It is a great challenge to achieve quality assurance through a usability test package for mass market products, where economic benefits are gained through approaching the broadest possible category with one product. The test package presented in this paper, the UIQ Technology Usability Metrics (UTUM) is a usability test package for mass market mobile devices. UTUM enables quality assurance by measuring usability empirically on the basis of metrics for satisfaction, efficiency and effectiveness, complemented by the test leader's observations. The test package supports building quality into a mass market device, based on end-user testing and feedback, and provides important information to customers, partners, and other stakeholders in the design and development process. It is grounded in usability theory and guidelines, and in industrial Software Engineering practice and developed in a long-term cooperation between academia and an industrial partner with long experience within telecommunications field and usability. UTUM is in use within the industrial setting, and is under a process of continual development.
Although we see UTUM as a method for quality assurance, we see the case presented here as a quality assurance of the UTUM test package itself, showing that it can work efficiently in a complex environment, with many different relationships between different organisations, stakeholders, customers and end-users.
Quality is not simply an attribute of lack of defects and there are clear connections between usability and quality. Bevan [1] states that quality of use is the extent to which a product satisfies stated and implicit needs when used under stated conditions. Quality of use is expressed in the ISO standard as the extent to which specified goals can be achieved with effectiveness, efficiency and satisfaction by specified users carrying out specified tasks in the specified environment [2] . This places the focus of quality on measurable aspects of the product, the tasks and the context in which it is used, rather than on the product in isolation. This is a worthwhile approach but is still too narrow as it does not cover enough of the quality aspects related to the users' experience.
UTUM is an attempt remedy the above shortcoming, whilst still retaining the broader and measurable aspects of usability. It measures what the industry refers to as User Experience, which is seen as a more encompassing term than usability. User Experience is directed towards the overall experience of having, owning and using a product, where usability is one part of the experience [3] . A system with good usability should give the user a good user experience. UTUM measures the user experience through the use of metrics, supported by qualitative judgements made by a test leader/usability expert. It gives a clear demonstration of quality, from the customer and enduser point of view.
For general purpose products, the fact that products can only have quality in relation to their intended purpose is a problem, and is a key reason for being concerned with user-perceived quality [1] . But telecommunications as a branch focuses on providing the market with new and improved technology rather than fulfilling end-user needs [4] . It is a challenge to develop a usability test for a mass-market product, where specific end-user groups must be targeted [5] , whilst being unwilling to exclude other potential endusers [6] . UTUM is a way to meet that challenge.
The paper begins with the background to the development of the UTUM, and continues with a brief look at the relationship between quality and usability. Next follows a description of the UTUM and the methods and measures it contains, and how they are used and presented. Following that is a summary, based on some of the findings from the test series used to exemplify the UTUM.
The historical background.
The industrial partner is UIQ Technology, situated in the Soft Center Science Research Park, Ronneby, Sweden. The company was established in 1999, and has as one of its goals to pave the way for the creation of user-friendly, diverse and cost-efficient mobile phones. They focus on "usability design, software engineering, product realization, technical consulting, sales and marketing" [7] . Their product, UIQ, is an open, media-rich, flexible and customizable software platform, pre-integrated and tested with Symbian OS, providing core technologies and services.
The research group U-ODD -Use-Oriented Design and Development [8] , is a part of the Department of Interaction and System Design, at the School of Engineering at Blekinge Institute of Technology (BTH), and is part of the research environment BESQ [9] . The research performed by U-ODD is directed towards use-orientation and is influenced by the application of a social science qualitative research methodology and the end-user's perspective.
The process of developing the Usability test package began with an attempt to introduce Personas in the development process, in order to bridge a gap between designers and developers, and other stakeholders in the company. This attempt was unsuccessful for reasons that can be found in [6] .
At the same time, an early version of the user test was implemented with the same purpose, as a two part tool consisting of a number of use cases to be performed on a mock up [4] , and the use of the System Usability Scale (SUS) [10] . The test was performed at several places in the development process, in order to show improvements in usability, but the results were seen as somewhat predictable and did not contribute greatly to the development process in practice.
The first UTUM version was developed in 2005, consisting of a questionnaire used to prioritize use cases, a performance metric based on completion of specified use cases, and an attitudinal metric based on the SUS. Usability was shown as a value between 1 and 100, but there was still no way of taking the test leader's observations into account. In 2005 and 2006 new versions of the test were developed, which include more metrics, and a new way of presenting the results in a 4-field diagram. The current version of the test is described more fully later in the paper.
Quality, usability, and metrics
Bevan [1] states that the objective of software development is quality of use, and software product quality is the way to achieve it. Many aspects of software quality contribute to quality of use, but ease of use is often critical for interactive software. Therefore we will now look at some of the connections between quality and usability, and metrics for illustrating them.
Quality is a complex concept, meaning different things to different people, and in order for others to understand your view of quality, it must be defined in a measurable way [11] . There are however many reasons why it is unclear what a good measure of software quality is. Wong and Jeffery, for example, found that developers and users have different cognitive models of what software quality is, with differences in their choice of characteristics and consequences and in their desired values [12] . Therefore, there is a variety of interpretations of the meaning of software quality, the meaning of the terms to describe its aspects, of which aspects should be included in a model of software, and which software development procedures should be included in the definition. Recent research has adopted the user-based view of quality, recognising that each person is different and has a different perception of quality [12] .
Kitchenham and Pfleeger state that the user view is concrete, and is grounded in product characteristics that meet the user's needs. Users are concerned with aspects of usability, not only with reliability. Studying usability is also related to the user view, as researchers observe how users interact with products [11] .
It is apparent that there are many meeting points between the user view of quality and usability. However, confusion also exists as to the meaning of the term usability. This is one of the reasons for problems incorporating usability engineering into the field of software engineering (see for example [1] , [13] ). Bevan distinguishes two separate approaches to usability, reflecting the problems that are apparent in divergent ideas regarding quality. One is a productoriented view, which sees usability as ease of use, whilst the other is a "top-down" approach, where usability is seen as the ability to use a product for its intended purpose. In the product-oriented view, which fits well in conventional software engineering, usability is seen as an independent contribution to software quality, whilst from a human factors viewpoint, usability can only be achieved through a process of user-centred design [1] .
Metrics are an important factor in finding acceptance for studies of quality or usability. When incorporating usability in a quality system, measurable usability requirements need to be specified, and the fulfilment of goals must be monitored during design [1] . Metrics are important in development processes, and measuring usability requirements leads to greater acceptance for usability work [14] . In a usability test, it is important to measure all three aspects of usability; satisfaction, efficiency and effectiveness rather than simply assuming that they are correlated [15] .
UTUM
This section presents a brief overview of the test package. UTUM measures quality of use and usability empirically, on the basis of metrics for satisfaction, efficiency and effectiveness, complemented by the test leader's observations and comments. The following key terms are used in accordance with ISO 9241-11:1998 [2] : Usability, Effectiveness, Efficiency, Satisfaction, Context of use, Goals and Tasks.
As an indication of the importance given to UTUM, it was presented to the telecom industry at the Symbian Smart Phone Show in London, October 2006 [16] , and a more detailed explanation of the test is available on UIQ Technology's website [17].
The case
In the test series used to exemplify the test package, the testing was performed by two test leaders, in Sweden and England. It was the first time that the test had been performed by anyone from outside UIQ
The English test leader then performed 24 tests in England, whilst the Swedish test leader performed his remaining 20 tests. The Swedish test leader went to England and observed 4 tests, to see if they had performed the tests in the same manner, and to be able to judge the similarity of the testing and the findings.
The test leaders discussed their findings, and were given access to one another's test data and comments. Data from England was taken to Sweden, and the quantitative measurements were summarised. Data from Sweden were sent to England, and the qualitative data were summarised in a different spreadsheet.
Whilst in England, they discussed and summarised the findings, and planned a telephone conference with the system architect in England and the interaction architect in Sweden, to present and prioritize most important findings. This took place 14 days after the testing period had begun, and provided systems and usability architects with direct input for design decisions. After that meeting, they began to write a report from the findings and notes from the tests.
The test process
The tester completes a questionnaire collecting data that can have impact on the results, such as information about the tester and which applications are most important. This data can also be used to choose use cases for testing, based on the tester's use patterns. The tester has time to get acquainted with the devices, and then fills in a Hardware Evaluation (HWE), which is a questionnaire regarding attitudes to the look and feel of a specific device. This evaluation is a new feature of the latest version of the UTUM.
The tester then performs all of the use cases on one device, whilst the test leader times the performance, observes the user's experience, and makes notes about setbacks or problems, or other personal observations about the use case. The time taken is used to calculate the relative efficiency for each use case, and the judgement is used to calculate the specific efficiency.
The tester fills in a Task Effectiveness Evaluation for each use case, based on the user's opinion of how well the phone lets the user perform the use case.
When all of the test cases are performed, the tester fills in the SUS questionnaire [10] which gives an attitudinal metric representing the user's subjective impressions of how easy the phone is to use. The SUS is a quick and dirty usability scale based on ISO 9241:11 [2] , resulting in a number that expresses a measure of the overall usability of the system as a whole (see [18] for a detailed description). This is used to calculate the User Satisfaction Metric.
The metrics, their use and presentation
Calculating an average of the relative efficiency and the specific efficiency gives the performance efficiency metric which is a response to the statement "This telephone is efficient for accomplishing the given task".
The task effectiveness metric is based on the answers to the task effectiveness evaluation. It is determined by looking at each use case and determining how well the telephone supports the user in carrying out each task, and is in the form of a composite response to the statement "This telephone provides an effective way to complete the given task".
The User Satisfaction Metric, calculated on the basis of the SUS is a response to the statement "This telephone is easy to use".
The Total Usability Metric is a combination of user satisfaction, performance efficiency and task effectiveness. These parameters are expressed on the same scale, but are actually different in nature, and a sum of these results would not express meaningful information. Instead, the method chosen to present the results is to contrast two of the parameters at a time, to illustrate a comparative effectiveness-efficiency metric for a use case and a comparative satisfactionefficiency metric for each phone.
To illustrate the effectiveness-efficiency metric, design effectiveness, the average of the task effectiveness metric for all of the test cases for a single use case, is contrasted with task efficiency, the average of the performance efficiency metric for all of the test cases for the same use case (see figure 1) . Increased usability shown as a move towards the upper right of the quadrant.
Figure 1. The effectiveness-efficiency metric
To illustrate the satisfaction-efficiency metric, the average of the user satisfaction metric for all test cases is contrasted with the average performance efficiency metric for all of the use cases and all test cases (see figure 2) . Increased usability is shown as movement towards the upper right of the quadrant. The satisfaction-efficiency metric is referred to as Total UTUM, and is seen a useful illustration of total usability. selection of this data can be used to show different aspects of quality in use to different stakeholders.
They can e.g. show Total UTUM for a complete test series, Total UTUM by gender, Total UTUM by age groups, the correlation between Hardware Evaluation and satisfaction, or between effectiveness and efficiency. This is a selection of all of the possible ways of using the data to illustrate different facets of quality in use, and the presentations can be adapted to stakeholders' needs. See figure 3 for an example. 
The complexity of the testing process
The test situation in this case is complicated. To begin with, there are complex relationships between customers, clients and end users, in different degrees of dependencies, and complexities regarding how and where the results are to be used (see figure 4) .
One company, UIQ Technology, is central to the process. In this case, the testing was performed together with an English branch of a multi-national company, who can be regarded as both a new partner in a different country, and as a customer.
Each organisation contributed one test leader, who performed UTUM tests with testers in their respective country. To reach equivalent results this requires the test leaders to work in a compatible way. The test leaders must also cooperate, in the summarising and interpretation of results.
The testers have the important role of both endusers and customers for both organisations, irrespective of which country they live in. The English users are customers of both the English and the Swedish organisation, and vice versa.
The results of the user testing must be compiled and summarised and translated into tasks that are then divided between the two different organisations to be incorporated into the development processes in the separate organisations.
The requirements that arise as a result of the testing must also be allocated to different phases of the development process, with some being implemented directly in the current development cycle, whilst others are placed in the next development cycle. They must also be placed on two levels, where some of the results have to be incorporated into UIQ as a platform, and some must be on the product level.
Figure 4. A complex flow of tests and results
As a whole, this shows the complexity of the testing situation, and the demands that are placed on the UTUM if it is to work as a quality assurance tool.
Summary and conclusions
To summarize, based on some of the results that we have arrived at after the testing period:
Quick and efficient. The testing phase was short. The most important findings had been reported in to the design process and the work of including them in the development process had begun only 14 days after the testing began. This is on the basis of the conclusions reached by the test leaders. The benefit of the continued recording and analysis process is that it Handles complexity. We have seen that the test works in a complex situation, where there are complicated relations between customers, partners, end-users and technologies.
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Customer driven. The features to be tested can be decided on the basis of customer requirements, or on end-user patterns. The test can give an end-user perspective to customers' questions regarding the usability and thereby quality of their product, both from a software and hardware point of view.
More quantitative data. The basis in metrics should mean that the test results can more easily find acceptance in the software development process. The amount of measurement is increasing in the test package. In this test series, there are close to 10000 points of measurement. This, combined with the qualitative aspects of the test, gives a sound basis for verifying test results.
Quality assurance. The series of tests that are used to exemplify the UTUM in this paper can be seen as a quality assurance of the UTUM method itself. This result, combined with the construction of the test, with its basis in qualitative research, usability principles, and metrics, lead us to believe that the UTUM can be used as a quality assurance tool in a wide perspective.
To sum up. The UTUM test package measures the user experience quickly and flexibly, and in so doing measures aspects of quality in use. It has been tested in a complex industrial development project and has been found to be a valuable and flexible tool that is easy for a usability expert to learn and use, to measure and help build quality on the customer's terms.
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